The development of asthma in children

infected with Chlamydia pneumoniae is
dependent on the modifying effect of
mannose-binding lectin
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Background: Although several studies found associations
between infection withChlamydia pneumonia@nd asthma,
these were mainly restricted to the exacerbation of the symp-
toms in adults with known asthma. Data about the role o€
pneumoniaein the initiation and development of asthma in
children are controversial.

Objective: We investigated the role ofC pneumoniadnfection

in 139 children with asthma, comparing them with 174 healthy
control subjects. Furthermore, we studied the modifying effect
of mannose-binding lectin (MBL) variant alleles on the suscep-
tibility to asthma in children infected with C pneumoniae
Methods: C pneumoniaespecific antibodies were measured by
means of ELISA, andMBL genotypes were determined by
means of PCR-RFLP.

Results: There were no significant differences in the percent-
age of children with positive results forC pneumoniaespecific
antibodies between patients and control subjects. Among asth-
matic children carrying variant MBL alleles, there were signif-
icantly more patients with positive results forC
pneumoniae-specific IgG than among control children with
variant MBL genotypes (63.7% vs 40.7% of asthmatic vs con-
trol children, respectively; odds ratio adjusted for age and sex,
2.21; 95% ClI, 1.10-4.41P = .02). Infected children with vari-
ant MBL alleles were found to have a higher risk of asthma
development than infected children with normalMBL geno-
type. This risk was especially high in children with chronic or
recurrent infection (positive results for both IgA and 1gG;
adjusted odds ratio, 5.38; 95% CI, 1.75-14.3& = .01), but no
increased risk was seen in children with currenC pneumoniae
infection (positive results for IgM).

Conclusion: This study indicates the important role of variant
MBL alleles in the susceptibility to asthma in children infected
with C pneumoniae(J Allergy Clin Immunol 2003;112:729-34.)
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Abbreviation used
MBL: Mannose-binding lectin

Chlamydia pneumoniaégs a common respiratory
pathogen, and although many infections are believed to be
asymptomatic, a growing body of evidence implicates an
association betwee@ pneumoniaénfection and asthma
in someindividuals! Thefirst associatiorwasdescribed
by Hahnet al,2 who reportedwheezingin 9 of 19 adult
patients with serologic evidence of current or red@nt
pneumoniaénfection. In another study 11% of asthmatic
and 5% of control children were found to have positive
culturesfor C pneumoniag Although someresultswere
controversial# several studies confirmed thesefind-
ings>6 However, if during their lifetime almostall indi-
viduals have been infected wi@ pneumoniaewhy do
some experience asthmatic symptoms and others do not?
As several data indicate, genetic factors must play a role
in the susceptibility to the disease and influence the lower
respiratory response © pneumoniaénfection.

Mannose-binding lectin (MBL) is a complement-acti-
vating innate immune defense serum protein that binds to
mannose and acetylglucosamine sugar groups on differ-
entmicroarganisms’ RecenffindingsindicatethatMBL
inhibits infection of HelLa cells by differef@hlamydia
species, suggesting that MBL participates in the protec-
tion againstC pneumonia® MBL deficiency andlow
levels of serum MBL are strongly associated with the
presence of varianlWBL genes encoding 3 different
structuralvariantsof the MBL polypeptide210 Single-
nucleotide substitutions in codon 54 (allBleand codon
57 (alleleC) both result in the disruption of the repeated
Gly-Xaa-Yaa structure of the collagenous triple helix by
substituting the essential glycine residue with aspartic
acid and glutamic acid, respectively. A nucleotide substi-
tution in codon 52 (allel®) causes exchange of an argi-
nine residue with a cysteine. All 3 variants are believed
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trimer structure, thereby reducing the amount of func-
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MBL variant alleles have been found to be associated
with an increased risk of respiratory infections, especial-
ly duringearly childhood!1.12
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TABLE I. Clinical and biologic characteristics of the asth- Laboratory analysis

matic patients Total genomic DNA was extracted from white blood cells by

Characteristics All asthmatic patients usingthe methodof Miller etal.16

No 139 The MBL polymorphisms were determined similarly, as
Age, y (range, 3-18 y) 101+41 describecelsawherel’ Briefly, PCRwasusedto amplify a 119-bp

Age at first diagnosis, y (range, 0.5-9 y) 37423 region of exon 1 containing codons 52, 54, and 57. The upstream
Sex, boy/girl ' ' 79/60 primer was a mutated oligonucleotidé-GAT CAA CGG CTT
Ato;;y % 78.4 CCC AGG CAA AGA CGC G-3 that introduced a new restriction

: enzyme cut site in the presence of the codon 52 mutation. The
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C pneumonia@ositive 55.1 ;

Severity of asthma downstream primer was-£AG GCA GTT TCC TCT GGA AGG-
Intermittent. % 38.8 3. PCR was performed in a reaction volume ofuZGn a Biome-
Mild. % ' 46.1 tra TRIO-Thermoblock. The PCR reactions were 95°C for 4 min-
Mod,erate % 15.1 utes; 35 cycles of 95°C for 30 seconds, 63°C for 1 minute, and 72°C
Severe pérsistent % 0 for 30 seconds; and 72°C for 5 minutes. PCR products were digest-

ed in separate tubes with the restriction enzygeed, Mboll, and
*Asthma severity is classified according to Global Initiative for Asthma Mlu | (New England Biolabs), followed by separation in a 4%
guideline$4 modified for childrenls agarose gel and ethidium bromide staining. The presence of muta-
tion in codon 52 introduces thdlu | cut site (alleleD) and pro-
duces 2 fragments (95 and 24 bp), as opposed to a single 119-bp
fragment in the wild-type allele. The presence of mutation in codon

. . . . 54 (alleleB) eliminates the restriction site fBan| present in wild-
On the basis of these observations, we investigated thtype DNA, and therefore the PCR product runs as a single 119-bp

role ofC. pneumonlfamfectlon in children V\_"th asthma, band as opposed to 2 bands (84 and 35 bp in wild-type DNA). The
comparing them with healthy control subjects. Further-presence of mutation in codon 57 introduceshe 11 restriction
more, we studied the modifying effect BBL variant  site (alleleC), and therefore the PCR product is seen as 2 bands (79
alleles on the susceptibility to asthma in children infect-and 40 bp) as opposed to a single 119-bp fragment in wild-type
ed withC pneumoniae DNA. The normal allele is designatédand the common designa-
tion of the variantallelesis 0.18
C pneumoniaespecific 1gA, 1gG, and IgM were determined

METHODS from serum used (Sero CP-IgA, 1gG, IgM protein ELISA; Savyon
Diagnostic Ltd), according to the manufacturer’s instruction. Serum
Subjects was designated as positive if the cutoff index was greater than 1.1.

One hundred thirty-nine asthmatic children (79 boys and 60Patlents with positive results f@hlamydia trachomatisr Chlamy-

girls; age range, 3-18 years; mean age, 10.5 years [SD 4.1]) and 1.‘d|a psittaciwere excluded from the study.

healthy children (95 boys and 79 girls; age range, 3-18 years; meagtatistical methods

age, 11.5 years [SD 3.9]) were enrolled in the study. All patients ] )

were from Budapest. Allele frequencies were palculated by means of allele counting.
The asthmatic children attended the Allergic Outpatient Consul-Dat@ were analyzed by using MedCalc 5.0, SPSS 11.0, and Arle-

tation of the Budai Children’s Hospital. All the asthmatic children 9uin 1.1 programs. Hardy-Weinberg equilibrium was tested by

had specialist-diagnosed asthma with the following characteristicsUSing @? goodness-of-fit tesk? Tests were used to test for differ-

(1) recurrent breathlessness and expiratory dyspnea requiring trea€ces in allele dlstrlbuthn between the groups. Cls were calcu_lated

ment; (2) physician-diagnosed wheeze: and (3) reversibility of thedt the 95% level. Two-taileR values of less than .05 were consid-

wheezing and dyspnea by means of bronchodilator treatment me£red statistically significant. It has earlier been suggested that the
sured as FEyby usinga spirometer(Piston)3 responséo the C pneumonia infectionis influencedby sex.6 Fur-

All the asthmatic patients (or their parents) were instructed toth€rmore, age, especially in childhood, might also have a substan-
record accurately their symptoms, treatment, and peak expiratontia! ffect on the immune response. The results were adjusted for
flow (twice daily, once in the evening and once in the morning) for 29€ and sex by means of multiple logistic regression analysis to
2 weeks. If the patient was younger than 5 years of age, the deteMinimize the effect of these 2 potentially confounding factors.
mination of lung function test results (peak expiratory flow or
FEV,) is usually not possible. In that case the diagnosis of the dis-RESULTS
ease was made according to the other symptoms. Asthma severi
was classified according to Global Initiative for Asthma guide- ~ Tablell shows the numberandpercentagef children
linest415, a detaileddescriptionof our classfication of asthma  with positive results fo€ pneumoniaespecific antibod-
severity canbe found in Szalaiet al.1> Someclinical and biologic ies in the 2 groups. There were no significant differences
characteristicef the asthmatigatientsarepresentedn Tablel. in the proportion of patients with positive results for any

The control chilo!ren were rand_omly selecFed from outpatigntsc pneumoniaespecific antibodies between asthmatic
from the Orthopaedic Department in the Budai Children’s Hospltal.and control children. Furthermore, there were no differ-

Subjects in the control group had mild musculoskeletal alteratlonsences between sexes in the infection status in any groups
(eg, pes planus or scoliosis), showed no symptoms of asthma ¢ .
of children (data not shown).

infection, and required no medication. Stratification by age and se» AR ) L
was used to match approximately the age and sex distribution of th By definition, 19G pOSItIV.Ity. 'nd'.Cat?S that the
control subjects with that of the patients. Informed parental consenProbands have ha@ pneumoniaénfection in the past,
was obtained for each patient, and the study was approved by sand IgM positivity indicates a current infection. The
institutional review committee. presence of short-lived specific IgA antibodiesGo
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TABLE Il. Number and percentage of asthmatic and control children with positive results for C pneumoniae-specific
antibodies

Asthmatic patients Control patients P value*
IgA 19G IgM  IgG +IgA IgA 19G IgM  IgG +IgA IgA IgG IgM IgG +IgA
No. of patients 137 135 138 134 174 173 174 173 10 6 4 .9

Positive results for 43 (31.4) 59 (43.7) 28(20.3) 27 (20.1) 56 (32.2) 82 (47.4) 43 (24.7) 37 (21.3)
C pneumoniaen (%)

*Asthmatic patients versus control subjedsv@lue was calculated by using tkétest).

pneumoniaecan be associated with both acute andTABLE lll. Occurrence of the MBL genotypes and fre-
chronic infection (persistent levels of IgA). Chronic or quencies of the different alleles in asthmatic and control
recurrent infection withC pneumoniaenight be identi-  children

fied when IgG positivity is combined with IgA positivi- ypr genotype* Patients Control subjects
ty. According to this latter definition, 27 (20.1%) asth-
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matic patients and 34 (21.3%) control subjects hac’A ;3 2;
chronic or recurren€ pneumoniaénfection among our 5 8
patients. The 2 groups did not differ statistically in this o;p 19 18
respeceither(Tablell). B/B 2 2

The occurrence of theBL genotypes and frequencies B/C 2 2
of the differentMBL alleles in asthmatic and control chil- B/D 3 5
drenarepresentedn Tablelll. Therewereno significant ~ C/C 1 0
differences in the prevalence of any alleles betweeiC/D 0 0
patients and control subjects. Furthermore, no significan®P 0 0
difference betweel€ pneumoniaeseropositive and Sum 139 165

. S . B allele frequency (%) 16.5 15.2
pneumoniaeseronegative individuals in the frequency of C allele f % 39 20
MBL variant alleles was revealed: frequencie8 aifele in allele frequency (%) ' '

- ; o= 0' > e 0 D allele frequency (%) 7.9 7.0
children with 1gG positivity, 29.6%, I9G negativity, 23.8% g gjiele frequency (%) 27.7 252
(P = .1); IgA positivity, 28.3%; IgA negativity, 25.0%(
= _5); IgM positivity, 28.7%; IgM negativity, 26.00/9(: The frequencies of the variant alleles did not differ between the 2 g®ups:

=.7; OR, 1.14; 95% CI, 0.79-1.6%test).
A, Normal MBL allele;B, codon 54 variant alleleC, codon 57 variant

librium. . . allele; D, codon 52 variant alleld, common designation of the variant alle-
To evaluate the modifying effect MBL variant alle-  |es g+c+D).

les on the susceptibility to asthma @ pneumoniae
infection, children were stratified accordingNiBL alle-
les, and the asthmatic and control children were com There were no significant differences between asth-
paredon the basisof their infection status(TablelV). matic and control children wheviBL genotypes an€
Among asthmatic children heterozygous and homozypneumoniaespecific IgA and IgM were considered
gous for the variant®/0and0/0) MBL alleles, there were (TablelV), althoughafter adjustingfor ageandsex, the
significantly more patients with positive results for  differences were near to the level of significanBe=(
pneumoniaespecific IgG than among control children .06) in the case of IgA, with similar tendencies in the
with variantMBL genotypes (63.7% vs 40.7% of asth- case of IgG. The differences were not significant when
matic vs control children, respectivell;= .008; odds children with combined IgA and IgG positivity were con-
ratio [OR], 2.61;95% ClI, 1.32-5.15;Table V). The  sidered.
results remained significant after adjusting for age anc The prevalence of differeMBL genotypes in subjects
sex P=.02; OR, 2.21; 95% Cl, 1.10-4.41). These resultswith positive results fo€ pneumoniaespecific antibod-
indicate thatC pneumoniaespecific IgG positivity was ies were compared in asthmatic patients and control sub-
associated with asthma when only children carryingjects to further evaluate the role BIBL genotypes in

.6). The allelic distributions were in Hardy-Weinberg equi-

MBL variantO alleles were considered. susceptibility to asthma among children infected wWith
In contrast, comparing asthmatic children homozy-pneumonia (TableV).
gous for the normal allel@A/A) with control children The distribution of genotypes differed significantly

with identical MBL genotypes, there were significantly between asthmatic and control children with positive
fewer asthmatic patients with positive results@goneu-  results forC pneumoniaespecific IgA, IgG, or both. In
moniae-specific IgG than control children, even after each case the proportion of children with varigtaL
adjustment for age and sex (27.7% vs 49.4% of asthmaalleles was higher in asthmatic patients and lower in
ic vs control children, respectiveli?, = .003; OR, 0.33; healthy control subjects, comparing results with those in
95% ClI, 0.16-0.68). This suggests that homozygosity fochildren with the normal genotype. The OR was the
the normal MBL variant might have a protective effecthighest when children with positive results for ba@h
against asthma in infected children. pneumoniaespecific IgA and IgG were considered
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TABLE IV. Logistic regression analysis for the association between the prevalence of different C pneumoniae-specific
antibodies and asthma in children according to MBL genotypes

Patients, Control subjects, OR Adjusted*
C pneumoniae status n (%) n (%) (95% Cl) P value OR (95% Cl) P value*
Subjects homozygous for the normal
(A/A) MBLalleles
IgG positive 18 (27.7) 44 (49.4)  0.39 (0.20-0.78) .007 0.33(0.16-0.68) .003
IgG negative 47 (72.3) 45 (50.6)
Subjects heterozygous and homozygous for
the variant A/0 and0/0) MBL alleles
IgG positive 44 (63.7) 29 (40.3) 2.61 (1.32-5.15) .008 2.21(1.10-4.41) .02
IgG negative 25 (36.2) 43 (59.7)
Subjects homozygous for the nornfalA)
MBL alleles
IgA positive 13 (20.0) 33(35.5) 0.45(0.22-0.95) .05 0.46 (0.21-1.08) .06
IgA negative 52 (80.0) 60 (64.5)
Subjects heterozygous and homozygous for
the variant /0 and0/0) MBL alleles
IgA positive 27 (39.1) 17 (25.4)  1.90 (0.91-3.93) 1 2.04 (0.95-4.18) .06
IgA negative 42 (60.9) 50 (74.6)
Subjects homozygous for the nornalA)
MBL alleles
IgM positive 10 (15.2) 24 (26.7)  0.49 (0.22-1.11) 1 0.51 (0.22-1.18) .16
IgM negative 56 (84.8) 66 (73.3)
Subjects heterozygous and homozygous for
the variant /0 and0/0) MBL alleles
IgM positive 18 (26.1) 16 (22.2) 1.23 (0.57-2.68) 7 1.12 (0.56-2.75) .58
IgM negative 51 (73.9) 56 (77.8)
Subjects homozygous for the nornjalA)
MBL alleles
IgG + IgA positive 9 (13.8) 26 (29.2)  0.39(0.17-0.90) .04 0.45 (0.22-1.05) .06
IgG + IgA negative 56 (86.2) 63 (70.8)

Subjects heterozygous and homozygous for the
variant A/0 and0/0) MBL alleles
IgG + IgA positive 17 (24.6) 9(12.7) 2.25(0.93547) .1 2.18 (0.96-5.34) .07
IgG + IgA negative 52 (75.4) 62 (87.3)

*Adjusted for age and sex.

TABLE V. Logistic regression analysis for the association between the prevalence of different MBL genotypes and asth-
ma in children with positive results for different C pneumoniae-specific antibodies

MBL genotypes

C pneumoniae status Patients A/0+0/0 A/A OR (95% ClI) Pvalue Adjusted OR* (95% Cl) P value*

IgA positive Asthmatic patients 27 (20.1) 13 (9.7) 4.03 (1.71-9.75) .003 3.95 (1.52-8.78) .005
Control subjects 17 (10.6) 33 (20.6)

1gG positive Asthmatic patients 44 (32.8) 18(13.4) 3.71(1.80-7.63) .001 3.55 (1.62-6.93) .005
Control subjects 29 (18.0) 44 (27.3)

IgM positive Asthmatic patients 18 (13.3) 10(7.4) 2.70 (0.99-7.33) .09 2.41 (0.91-6.88) A
Control subjects 16 (9.9) 24 (14.8)

1gG + IgA positive Asthmatic patients 17 (12.7) 9 (6.7) 5.46 (1.80-16.52)  .005 5.38 (1.75-14.36) .01
Control subjects 9 (5.6) 26 (16.3)

Values are given as numbers (percentages).

*Adjusted for age and sex.

(adjusted OR, 5.38; 95% ClI, 1.75-14.365 .01). Chil- Several previous reports found a link between the

dren with positive results fo€ pneumoniaespecific ~ exacerbation of the symptoms of asthma and chi@Gnic
IgM did not differ in this respect. These results indicatepneumonia infection219.D We usedthe recommenda-
that children with varianMBL alleles and positive tions for classification of asthma severity of the Global
results forIC pneumoniaespecific IgA, 1gG, or both have Initiative for Asthmaguidelinest415 Among the 139
considerably higher risk of asthma development tharasthmatic patients, 54 (38.8%) had intermittent, 64
similarly infected children with normafiBL genotype. (46.1%) had mild, and 21 (15.1%) had moderate asthma.
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There were no patients with severe persistent asthma genotypes an€ pneumoniaespecific IgG was consid-
this population(Tablel). To assesshe effect of chronic  ered. According to these resulspneumonia@nfection
C pneumoniaénfection on the severity of asthma in this might lead to the development of asthma in geneti
population, we compared the prevalence of children wittpredisposed children carryidBL variant alleles. Natu
IgG plus IgA positivity in groups with intermittent and rally, a reverse scenario is also feasible. Asthmatic
moderate asthma. Among the 54 children with intermit-dren with varianMBL alleles are prone to developmsg
tent asthma, 12 (22.2%) had positive results for IgG anwof a chronicC pneumoniaénfection, which could the
IgA, whereas among the 21 children with moderate asthpropagate the asthma process. Although our resultg
ma, 5 (23.8%) patients had positive results for the€e 2 in this population chronic or recurre@t pneumoniag
pneumoniaespecific antibodies. The 2 proportions do infection did not play a significant role in the severi
not differ from each other significantly? (= .9). The 2  asthmatic symptoms, not even whdBL variant alleles
groups did not show a significant difference either wherwere considered, did not support this hypothe
MBL variant alleles were considered. The prevalence oprospective studies are needed to determine the
children with varianMBL alleles and positive results for role of this genotype-environment interaction in asth
C pneumonia¢gG and IgA were 11.1% (6/54) and 9.5%  MBL deficiencies have been implicated @Ghpneumo
(2/21) in the intermittent and moderate groups, respecniae infection because the bacteria carry the sugar struc-
tively (P = .8). These data indicate that in our patientsturesrelevantfor MBL binding8 Moreover, MBL inhibits
chronic or recurren€ pneumoniaénfection does not the upteke of the bacteriato target cellsin vitro.8 We did
play a significant role in the severity of asthmatic symp-not observe a direct protective effect of MBL agai@ist
toms, not even wheNIBL variant alleles are considered. pneumoniager se, which is not unexpected because the
Among the asthmatic patients, 109 (78.4%) wereseroprevalence in healthy control subjects exceeds 50%,
atopic. TheC pneumoniaeénfection, theMBL variant  but infected individuals homozygous for the normal allele
alleles, and their combinations were not associated witl(A/A) were protected against the development of asthma.

Asthma, rhinitis, other
respiratory diseases

atopy f > .05). MBL is not present in the normal lung, which explains the
lack of protection again€ pneumoniaénfection, but in
DISCUSSION animal studies it appeared in lung lavage fluid 3 days after

experimentalinfectionwith influenzavirus2! In addition,

This study supports the association betw€epneu- MBL was detected in lung expectoration from some
moniaeinfection and asthma; however, the associatiorpatientswith cysticfibrosis12 Consideringhatindividuals
was dependent on variation in tMBL gene. Signifi-  with the A/A genotype have on average 10-fold higher
cantly increased risk for development of asthma was seeMBL serum concentrations than heterozygous variant
in infected children who carried at least one varMBL allele carriersand homozygouscarriershave no serum
allele. However, this association was restricted to chil-MBL atall,12 therole of MBL in killing or opsonizatiorof
dren with pas€ pneumoniaéfection (positive for IgG). C pneumoniaén the lung might be more pronounced in
Furthermore, infected children with varidiBL alleles  normal allele carriers, which can lead to this significant
were found to have considerably higher risk of develop-alteration in the outcome of infection. Alternatively, MBL
ment of asthma than infected children with the normalmight act to modulate the severity of the infection, rather
MBL genotype. This risk was especially high in childrenthan protect against it. Experimental studies support such
with chronic or recurrent infection (positive results for a view in which it has been shown that MBL might mod-
both IgA and IgG), but no increased risk was seen in chilulatecytokine response? FurthermoreMBL deficiency
dren with currentC pneumoniadanfection (positive has been shown in vivo to be implicated in several chron-
results for IgM). ic inflammatory diseases, such as rheumatoid arthritis,

A causal association betwe€rpneumoniaand asth-  systemiclupus erythematosysor atherosclerosis?23.24
ma is biologically plausible on the basis of the observaBecause asthma is also a chronic inflammatory disease, it
tions that asthma is a chronic inflammatory disease of thcan be suggested that MBL deficiency might have impor-
airways and thaChlamydiaspecies are known to pro- tant roles either directly or indirectly in several chronic
duce chronic inflammatory damage in target organsinflammatory diseases. In addition, in the case of athero-
Although several studies found associations betweesclerosis, MBL deficiency has also been found to modu-
infection with C pneumoniaend asthma, these were late the progressiorof C pneumoniag8 Similar to our
mainly restricted to the exacerbation of the symptoms irfindings, only those patients with positive results @r
adultswith known asthma19.2 Dataabouttherole of C pneumoniaespecific IgG and at least one defectwBL
pneumonia in theinitiation anddevelopmentof asthma  allele had a significantly higher risk of development of the
in children were controversial and not conclusively disease. The coincidence of results of these 2 independent
provenl® In our studytherewasalsono directconnec-  studies further strengthens the evidence for involvement of
tion between the disease a@dneumoniadecause the MBL in the immune response @ pneumoniaénfection.
prevalence of the infection was practically the same ir In our study we did not find an association between
children with asthma and in healthy control subjects. Bucurrent infection withC pneumonia€lgM positivity),
the difference between the 2 groups became significarMBL deficiency, and asthma, indicating that there must
when the subjects were stratified according to thigt be a time interval between infection and the development
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of asthmatic symptoms. This is in good correlation with 5.
previous results that only chronic or past infection was
foundto be associateavith asthmaor wheezing?19.20,25
This finding might also have a therapeutic implication:
elimination ofC pneumoniasvith antibiotics in freshly
infected patients might prevent the development of asth 7.
ma in genetically affected individuals (eg, with MBL
deficiency). However, considering the high cost of the
available tests and that IgM antibodies are usually los
within 2 to 6 months, regular screening @mpneumoni- 9.
ae-specific antibodies is not feasible, not even for indi-
viduals with MBL deficiency.

These results are in good correlation with the findings
of some recent reports that investigate the role of varia

tions in the otherwise conservative genes in the innatdl.

immunity.26.27 The effectsof thesevariationsareusually
modest and insufficient to cause disease when taken ind,
vidually. However, they might induce significant pheno-
typic differences when they become involved in gene-by-
gene interaction, gene-by-environment interaction, or
both. Our finding that the outcome Ghlamydiaspecies

infection seems to be opposite in individuals who are.

wild type for the normaMBL allele or carriers for the
variant alleles is a further example of a nonlinear gene
by-environment interaction.

In conclusion, this is the first report illustrating an

important association between MBL deficienCypneu-  1s.

moniae infection, and the development of asthma.
According to the present findings, there is an increase(
risk for development of asthma in children with positive
results forC pneumoniaespecific IgG and who carry at

least one varian¥IBL allele. Furthermore, infected chil- 1s.

dren with varianMBL alleles were found to have consid-
erably higher risk of development of asthma than infectec

children with the normaMBL genotype. This risk was 4

especially high in children with chronic or recurrent

infection, but no increased risk was seen in children with2o.

currentC pneumoniaénfection. However, the relative

small size and lack of supportive biologic data make it?

necessary that these observations are confirmed in adc

tional prospective studies before definitive conclusionsz2.

can be drawn. If confirmed, these results suggest ths
genotyping individuals foMBL gene polymorphisms
might be useful in predicting asthma risk in children .,
infected withC pneumoniaend identifying those who
can benefit more likely from the antibiotic therapy.

24.
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